This nationwide population-based study investigated the risk of Parkinson disease (PD) in relation to diabetes mellitus (DM) through the National Health Insurance Research Database in Taiwan.
Introduction
Changes in human behavior and lifestyle have globally increased the prevalence of diabetes mellitus (DM), and an estimated 220 million people who are affected by DM was reported in 2010. [1] The global figure of persons with DM is estimated to be 350 million in 2025. [1] Recent studies have demonstrated the mitochondria as the key regulator of glucose-stimulated insulin secretion in pancreatic b-cells. [2, 3] Increasing evidence has shown that mitochondrial function is closely related to various facets of diabetes, including pancreatic b-cell dysfunction, insulin resistance, obesity, and vascular complications. [2, 4] Many diseases of mitochondrial dysfunction affect more than 1 system in the human body. They affect organs that require a lot of energy, including the heart, skeletal muscle, and brain. Parkinson disease (PD) is a progressive neurodegenerative disease. One study of specific gene mutations that cause PD has reinforced the relevance of oxidative stress and mitochondrial dysfunction in the familial and the sporadic forms of the disease. [5] The result of the study indicates that the PD associated proteins are either mitochondrial proteins or associated with mitochondria, and all interface with the pathways of oxidative stress and free radical damage. [5] Although the exact causes of neuronal damage are unknown, several lines of evidence suggested that mitochondrial dysfunction is one of the biochemical abnormalities described in the brains of PD patients. [5, 6] The incidence rates of PD among DM patients increase with age. [7] Many studies in the literature indicate that PD and DM, both age-related chronic diseases, share remarkably similar pathways of mitochondrial dysfunction and suggest the association of DM with PD. [7] [8] [9] However, the relationship between DM and PD was inconsistent with several epidemiological reports, ranging from a positive [7, 10, 11] to null association [11] or even an inverse correlation. [12] Lu et al conducted a meta-analysis study from 14 reports and concluded that evidence from case-control studies suggested that diabetic individuals may have a decreased incidence of PD despite significant heterogeneity. [12] In the other meta-analysis exploring this line of question including cohort and case-control studies, the pooled results of 4 cohort studies with large sample size demonstrated that diabetes was associated with a significant 37% increased risk of PD [11] whereas no association between diabetes and PD was found in a meta-analysis of 7 case-control studies. [11] The major limitation of these case-control studies was their small sample size. Only 3 studies had sample size >1000. [13] [14] [15] As for prior cohort studies, 2 studies included subjects with type 1 and type 2 diabetes. In addition, most of these studies came from Western countries, and none could rule out the possible explanation of well-known medication that causes PD on such an association between type 2 DM and PD.
Many authors have used the National Health Insurance Research Database (NHIRD) in Taiwan to study PD and DM. [7, 10] However, none of these studies simultaneously considered diabetes status, comorbidity, and medication use. To clarify the role of type 2 DM on the risk of PD incidence, we conducted a large cohort study of Chinese patients with and without type 2 DM in Taiwan by using the NHIRD. We also examined the interaction and joint association of type 2 diabetes with comorbidities, including schizophrenia, bipolar disorder, hypertension, and hyperlipidemia, as well as flunarizine use, metoclopramide use, and zolpidem use on PD incidence in individuals with and without type 2 DM. The subjects' ages ≥20 years and were followed up for an average of 7.3 years. To acquire an adequate number of cases to provide a robust estimation of the potential role of type 2 DM in PD incidence, data from a large representative population followed up for a sufficient length of time are necessary, and the NHIRD fulfills this requirement. The high accuracy of the NHIRD has been reported, and this nationwide population-based dataset appears to be a valid resource for population research. [16, 17] Furthermore, the NHIRD allows researchers to trace the medical service utilization history of all citizens in Taiwan and provides a unique opportunity to examine the possible association between DM and the risk of PD.
Methods

Data sources
Taiwan implemented the National Health Insurance (NHI) program, a universal insurance system established by the Bureau of National Health Insurance of the Department of Health in 1995. The NHI program covered 22.60 million out of the 22.96 million people in Taiwan by the end of 2007. The NHIRD, a dataset of claims from Taiwan's NHI program, was the data source of the present study. The NHIRD contains information on patients' date of birth, sex, records of outpatient visits and hospitalizations, and details of prescriptions, such as prescribed drugs, dosages, and expenditure amounts, as well as diagnosed diseases coded in accordance with the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). Each individual has a unique personal identification number. To protect privacy, personal information of all insured patients has been scrambled cryptographically to ensure anonymity. Our study was approved by the Ethics Review Board of China Medical University (CMU-REC-101-012).
Study population
We conducted a population-based retrospective cohort study that included 2 groups. We initially identified 37,616 newly diagnosed patients with DM (ICD-9-CM Code 250) age ≥20 years in outpatient and inpatient care from the NHIRD from January 1, 2000 to December 31, 2006. Individuals included in the DM group had at least 3 outpatient claims or at least 1 inpatient claim of ICD-9 Code 250 from 2000 to 2006, with the first diagnosis as the index date. In Taiwan, the diagnosis of DM in clinical practice was based on American Diabetes Association criteria (ICD-9-CM diagnosis code 250). Generally for diabetes diagnosis of a new patient, an individual who has fasting plasma glucose > 126 mg/ dL (or 7.0 mmol/L) or plasma glucose ≥ 200 mg/dL (or 11.1 mmol/L) during an oral glucose tolerance test is asked to have a repeated test on a different day to confirm the diagnosis in order to increase the validity of diabetes diagnosis. Among these patients, a total of 272 who had previously been diagnosed with PD and 1050 who had withdrawn from the NHI program within a year of follow-up were excluded from the analysis. Up to 36,294 patients with newly diagnosed DM were included in the DM cohort. For each identified patient with DM, 3 insured people without a history of DM or PD were randomly selected and frequency-matched by sex, age (5 years), and index year. The non-DM group comprised 108,882 individuals.
Outcome ascertainment, comorbidity, and medication use
The main outcome was the occurrence of PD (ICD-9 Code 332.0), which was determined by linking records with ambulatory and inpatient care data in the NHIRD. Patients with PD were defined as those with a diagnostic code of PD (ICD-9-CM 332.0) with at least 3 or more consistent diagnoses in ambulatory care or 1 in inpatient care. To rule out the possible reverse causality, we excluded new PD cases within 1 year of follow-up. There is 1 major reason why we defined individuals with diagnoses in at least 3 ambulatory visits as cases. This operational definition enhances the validity of outcome ascertainment by excluding probable cases and by including cases really suffering from the disease or condition of interest. Usually an individual with symptoms will seek for outpatient care and physicians will evaluate his/her disease status with diagnostic tests. For the case of PD, a neurological history is taken including exclusion of other diseases that imitate PD, such as stroke or hydrocephalus, movement disorder assessments by specialists are made, and/or challenge test through medication is prescribed, such as levodopa and apomorphine. Then he/she will have the second outpatient visit to get his/her test results. If he/she is diagnosed as a case, he/she will have follow-up outpatient visits for treatments. Using this operational definition, we can rule out those individuals who had been suspected to have disease in the first visit but turn out not to have the disease in the second visit. We used this process in previous study. [18] All patients were observed from the index date to the date of PD diagnosis, withdrawal from the NHI program, or the end of 2011. Pre-existing comorbidities included schizophrenia (ICD-9 Code 295, V11.0), bipolar disorder (ICD-9 Code 296), hypertension (ICD-9 Codes 401-405), hyperlipidemia (ICD-9 Code 272.2), chronic obstructive pulmonary disease (COPD) (ICD-9 Codes 490-492, 494, 496), coronary artery Yang et al. Medicine (2017) 96: 3 Medicine disease (CAD) (ICD-9 Codes 410-413, 414.01-414.05, 414.8, and 414.9), stroke (ICD-9 Codes 430-438), and asthma (ICD-9-CM: 493, 494), which were identified from outpatient or inpatient claims within 2 years prior to the index date. The Charlson comorbidity index (CCI) was derived from chronic conditions identified from inpatient claims prior to the index date, including 10 conditions with a weight of 1 (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular accident, dementia, COPD, connective tissue disease, peptic ulcer disease, mild liver disease, and DM), 6 conditions with a weight of 2 (moderate to severe chronic kidney disease, hemiplegia, DM with end-organ damage, leukemia, tumor of any type, and malignant lymphoma), 1 condition with a weight 3 (moderate to severe liver disease), and 2 conditions with a weight of 6 (acquired immune deficiency syndrome and metastatic solid tumor). We considered 4 types of medication use, namely, insulin, flunarizine, metoclopramide, and zolpidem. Individuals who had filled at least 1 prescription for these medications within 2 years prior to the index date identified from outpatient medical orders were defined as users.
Statistical analysis
Age and comorbidities were compared in patients with and without DM by using Chi-squared test for categorical variables and t test for continuous variables. The cumulative incidence curves of PD in the DM and non-DM cohorts were assessed using Kaplan-Meier analysis, and the differences between the cohorts were compared using log-rank test. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using multivariate Cox proportional hazards regression model to evaluate the association between DM and the incidence of PD. We also used the Cox model to estimate the interaction between DM and comorbidity or medication use. To explore the joint effect of DM and each chronic disease or medication use, 3 dummy variables were created. Using individuals without DM and without chronic disease or medication use as reference group, these 3 dummy variables measured only the effects of DM, chronic disease or medication use only, and combined DM and chronic disease or medication use. The interactions of DM with comorbidities, including schizophrenia, bipolar, hypertension, and hyperlipidemia, and medication use at baseline of flunarizine, metoclopramide, and zolpidem, were further examined by adding their product terms into the full model. Likelihood-ratio test was used to determine the significance of these interactions. The relative excess risk due to interaction (RERI), proportion attributable to interaction (AP), and synergy index (S index) were also calculated to assess whether the interaction was on an additive scale. The RERI, AP, and S index were interpreted as follows: RERI = 0, AP = 0, or S index = 1 indicates no interaction; PERI > 0, AP > 0, or S index > 1 shows positive interaction; and RERI < 0, AP < 0, or S index < 1 means negative interaction. All statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC). Significance levels were set at a 2-tailed P < 0.05.
Results
The sample comprised 36,294 DM patients and 108,882 non-DM patients who exhibited similar sex and age distributions ( Table 1 ). The corresponding average ages of the DM and non-DM cohorts were 56.21 and 55.79 years, and the mean follow-up years were 7.41 and 7.29, respectively. Compared with the non-DM cohort, the DM cohort exhibited a higher prevalence of insurance premium <NT 20,000 dollars; hypertension (12.49% vs 4.30%); hyperlipidemia (5.25% vs 0.73%); COPD (5.87% vs 3.74%), CAD (6.23% vs 2.78%), stroke (6.48% vs 3.14%), asthma (2.84% vs 1.72%); flunarizine (8.29% vs 5.74), metoclopramide (27.68% vs 19.61%), and zolpidem (9.78% vs 5.99%); CCI score >2 (9.09% vs 5.49%); and PD incidence (1.52% vs 1.13%).
Kaplan-Meier analysis demonstrated that the cumulative incidence curves of PD were significantly higher in the DM cohort than in the non-DM cohort (log-rank test P < 0.001) (Fig. 1) . The mean follow-up periods for the DM and non-DM cohorts were 7.29 years (standard deviation [SD] 2.59) and 7.41 years (SD 2.49), and the incidence rates of PD (per 1000 personyears) were 2.08 and 1.53, respectively. Multivariate Cox proportional hazards regression analyses revealed a 1.19-fold higher risk of PD in DM patients than in non-DM patients after age and comorbidities were adjusted (95% CI = 1.08-1.32) ( 24, respectively) . The primary effects of DM were all statistically significant with narrow 95% CIs and remained similar. The other risk factors exerting a significant primary effect were schizophrenia, bipolar disorder, CAD, stroke, flunarizine use, and zolpidem use. Although PERI, AP, and S-index all indicated a positive interaction between DM and medication use of metoclopramide and zolpidem, the tests were not significant because of limited power.
Sensitivity analyses were conducted to investigate the validity of PD diagnosis by including PD cases diagnosed based on ICD-9
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Discussion
This nationwide population-based study adds to the existing literature on the increasing 23% risk of PD in all DM patients after adjusting for age, gender, insurance premium, residential area, type of occupation, CCI scores, comorbidity of schizophrenia and bipolar disorder, flunarizine use, metoclopramide use, and zolpidem use. In DM patients, the PD risk is higher in females (HR: 1.29, 95% CI: 1.12-1.49) than in males (HR: 1.12, 95% CI: 0.97-1.30). The findings provide information for clinicians on the detection of PD cases during their clinical practice, specifically encountering female DM patients with medication use of flunarizine, metoclopramide, and zolpidem. Age is another risk factor for developing PD that has been reported in many studies. [19] [20] [21] In the present research, only DM patients age older than 65 years were more likely to exhibit increased risk of PD (HR: 1.20, 1.06-1.35). In patients age <65 years, DM may not be a risk factor of developing PD. Further mechanistic research is needed to address any molecule-specific effects of age and DM on the risk of PD.
Recent evidence discloses that PD and DM share similar dysregulated pathways, such as mitochondrial dysfunction, endoplasmic reticulum stress, inflammation, and alterations in metabolism. [7] [8] [9] The current hypothesis suggests that exposure to environmental factors and genetic susceptibility play a role in the etiology and progression of both diseases. Our study demonstrated that DM increases PD risk in patients age older than 65 years, which may be ascribed to the duration of exposure to environmental factors. Although we cannot identify these environmental factors in this study, the results addressed an epidemiological evidence of the relationship among PD, DM, and age.
Another possible mechanism to explain the correlation between DM and PD we proposed is the insulin regulation pathway. Many in vitro and in vivo studies have demonstrated that the role of insulin in the regulation of brain dopaminergic activity and insulin dysregulation contributes to PD through disease-specific or general mechanisms is concluded. [8] Furthermore, recent functional brain image study also disclosed that insulin resistance was increased in the brain tissue of PD patients compared with the normal control group and suggested that a potential relationship between insulin resistance and brain structure in PD patients. [22] Previous studies have investigated the association between diabetes and the risk of developing PD. [7, 12, 23] However, many antipsychotic drugs, such as flunarizine and zolpidem, and antiemetic drugs, such as metoclopramide, commonly cause PD [18] ; in most of these studies, the authors did not include the potentially Parkinsonism-causing medicines in the adjusted variables. In the present research, DM patients took these medicines more frequently than non-DM patients (flunarizine, 8.29%:5.74%; metoclopramide, 27.68%:19.61%; and zolpidem, 9.78%:5.99%; P < 0.0001). If the adjusted variable did not include these drugs, the results may be misleading. The present study also provided the association between DM and PD in subgroups with and without medication use of flunarizine, metoclopramide, and zolpidem. Furthermore, DM patients who used flunarizine, metoclopramide, or zolpidem showed larger magnitude strength of association than individuals with DM or each medication use alone, hence indicating significant joint effects of DM with flunarizine, metoclopramide, and zolpidem use. DM patients with metoclopramide or zolpidem use also addressed the increased risk of PD. The adjusted HRs of DM patients in developing PD were 1.35 (95% CI, 1.14-1.60) or 1.46 (95% CI, 1.12-1.90) for the use of metoclopramide or zolpidem, respectively, compared with non-DM patients. These findings should be emphasized when physicians prescribe these medications in DM patients.
Possible explanations that can be accounted for the reasons why these medications increase the risk of PD are available. Metoclopramide is widely used to treat nausea and vomiting, help with emptying of the stomach in people with delayed stomach emptying because of either diabetes or following surgery, and cease migraine attack. [11, 24, 25] This drug belongs to the group of medications known as dopamine receptor antagonists. [25] Dopamine loss is the key PD pathological feature, and dopamine receptor agonists are the most effective symptomatic PD medication. [26] In our study, metoclopramide increasing PD risk is possible because of dopamine receptor blockade. Zolpidem is another drug that can increase PD risk, which has been demonstrated in many studies. [18, 27] Although its mechanism is unclear, the risk of zolpidem use and PD is also demonstrated in the present study.
The strengths of this study include its nationwide, populationbased, cohort design, with nearly complete follow-up information because the NHIRD dataset covered more than 99% of the 23.74 million residents of Taiwan and the nation-run NHI Bureau has contracted with 97% of all hospitals and 92% of all clinics nationwide. The dataset is also routinely monitored for diagnostic accuracy. The validity of these claim data is scrutinized by medical reimbursement specialists and peer review. The NHI Yang et al. Medicine (2017) Table 2 Cox model measured hazard ratio and 95% confidence intervals of Parkinson disease associated with patients with DM. Yang et al. Medicine (2017) 96: 3 Medicine Table 3 Incidence rates, hazard ratio, and confidence intervals of Parkinson disease for patients with and without DM stratified by demographic, comorbidity, and drug used. Bureau performs quarterly expert reviews on random samples of every 50 to 100 outpatient and inpatient claims in each hospital and clinic to ensure the accuracy of the claim data. False diagnosis reports entail a severe penalty. The high accuracy of the NHIRD has been validated. [16, 17] Given the considerable differences in age, gender, and comorbidities between patients with and without DM, matching with age, gender, and index year was applied to select the controls. The matching method was applied to enhance the comparability of these factors between patients with and without DM.
Characteristics
Several limitations are noted in this study. First, the diagnoses of PD and other comorbidities are completely dependent on ICD-9-CM codes. Nonetheless, the NHI Bureau randomly reviews the charts and interviews patients to verify the accuracy of the diagnoses. Hospitals with outlier chargers or practice may undergo an audit, with subsequent heavy penalties for malpractice or discrepancies. These processes enhance the validity of NHIRD. Second, the severity of PD and DM cannot be precisely extracted from the ICD-9-CM codes, thereby preventing further subgroup analysis. For example, NHIRD does not contain information of HbA1c, the core of hyperglycemia clinical management marker for diabetic patients. Thus, the association between poor glycemic control status and PD incidence cannot be explored. In addition, the database does not contain information on education, smoking, leisure-time physical activity, dietary habits, body mass index, which may also be risk factors for PD.
Future studies linking administrative data and primary hospitalization information, such as severity of DM and detailed risk factors, are warranted. Generally, considering the magnitude and statistical significance of the observed effects in this study, these limitations are unlikely to compromise the results. Third, potential detection bias may exist because the mean number of outpatient visits in DM patients are higher than that in non-DM patients. Fortunately, the likelihood of this detection bias is low. In Taiwan, DM patients are cared in primary care unit, endocrinological division, or internal medicine department, [28] and the PD diagnosis is not often made by these physicians. PD diagnosis is usually made by neurologist in Taiwan. Moreover, when individuals are in the early stage or have prediagnostic features of PD, the probability of being detected by nonneurologist physician was very low because the prediagnostic features of PD are usually nonspecific symptoms and are not easy to be aware of by patients or family physicians. Due to the low detection rate, the detection bias is less likely even the fact that patients with DM had higher mean number of outpatient visits. When patients experienced classical motor symptom of PD, which are the clinical diagnostic criteria, both patients with and without DM are very likely to be referred to neurologic department for diagnosis when they seek for care for their classical motor symptom due to high accessibility of health care in Taiwan and high number of outpatient visits for subjects without DM (mean value was 32.3 with an SD of 31.9 within 2-year Yang et al. Medicine (2017) 96:3 www.md-journal.com period). Thus, the likelihood of detecting their PD development in subjects without DM should be close to those with DM. In addition, PD is not a well-known complication of DM, it is less likely that the detection rate of PD is much higher in patients with DM than those without DM. Under the above circumstances, the likelihood of having detection bias is low. In order to rule out the possibility of detection bias, we additionally adjusted for the number of outpatient visits during 2-year period at baseline in the multivariate analysis and the results remain similar, indicating that the impact of the potential detection bias was small. Last, our study findings may not be generalized to other populations of different settings. However, our study findings may be generalized to other populations similar to our study population.
Conclusions
The present study indicates that DM increased the risk of developing PD in this Chinese population age 20 years and older over 7.3 years of follow-up. The magnitude of association is higher among women; individuals age 65 years and older; those without schizophrenia, bipolar disorder, hypertension, hyperlipidemia, COPD, CAD, stroke, asthma, flunarizine use, CCI score of 0, and number of outpatients visits ≥27; and those using metoclopramide and zolpidem. Further mechanistic investigations are warranted to validate the results.
